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1. Introduction 
Analysis of the scattering from open-ended metallic waveguide cavities has received much attention 
recently in connection with the prediction and reduction of the radar cross section (RCS) of a target 
[ 1- 3]. This problem serves as a simple model of duct structures such as jet engine intakes of aircrafts 
and cracks occurring on surfaces of general complicated bodies. Therefore, investigation of the 
scattering mechanism in case of the presence of open cavities is an important subject in the area of the 
RCS prediction and reduction. A number of scientists have thus far analyzed the diffraction problems 
involving various two- and three-dimensional (2-D and 3-D) cavities by means of high-frequency ray 
techniques and numerical methods [ 4]. It appears, however, that the solutions obtained by these 
approaches are not uniformly valid for arbitrary cavity dimensions. 
The Wiener-Hopf technique [ 5- 7] is one of the powerful approaches for analyzing wave scattering 
and diffraction problems associated with canonical geometries, and it is mathematically rigorous in the 
sense that the edge condition, required for the uniqueness of the solution, is explicitly incorporated 
into the analysis. It is known that the Wiener-Hopf technique can be effectively applied to cavity 
scattering problems with high accuracy, and there are some important contributions to studies on the 
cavity RCS based on the Wiener-Hopf technique [ 8,  9]. 
In this research, we shall consider the following two waveguide structures and analyze the problem 
of plane wave diffraction rigorously by means of the Wiener-Hopf technique: 
1) a terminated, semi-infinite parallel-plate waveguide with four-layer material loading [ 10,  11] 
2) a finite parallel-plate waveguide with four-layer material loading [ 12] 
The first waveguide forms a 2-D cavity of rectangular cross section, and the second waveguide is a 
geometry that can form a 2-D cavity by choosing one of the materials inside the waveguide to be 
perfect conductors. The first diffraction problem is analyzed for both E and H polarizations, whereas 
the second problem is analyzed for the H polarization. Due to space limitations, we shall present the 
results only for the first problem. 
The time factor is assumed to be  and suppressed in the following. i te ω−
 
2. Summary of the Wiener-Hopf Analysis 
2.1 The case of E polarization [ 10] 
We consider the diffraction of an E-polarized plane wave by a terminated, semi-infinite parallel-plate 
waveguide with four-layer material loading, as shown in Fig. 1, where the waveguide plates are 
infinitely thin, perfectly conducting, and uniform in the y-direction. The material layers 
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characterized by the relative permittivity/permeability  for m = 1, 2, 3, and 4, respectively. 
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Fig. 1. Geometry of the waveguide. 
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In view of the radiation condition, it follows that  is regular in the strip 2 2 0  
of the complex plane. Taking the Fourier transform of the 2-D Helmholtz equation and applying 
boundary conditions in the Fourier transform domain, the problem is formulated in terms of the 
simultaneous Wiener-Hopf equations as in 
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The Wiener-Hopf equations (2) and (3) are solved by the factorization and decomposition 
procedure leading to the exact solution. This solution, however, is formal since an infinite number of 
unknowns are involved. Applying a rigorous asymptotics with the aid of the edge condition, 
approximate solutions convenient for numerical computation are derived. The scattered field in the 
real space can be derived by taking the inverse Fourier transform. The field inside the waveguide is 
expressed in terms of the waveguide TE modes via the use of the residue theorem, whereas for the 
region outside the waveguide, a far field asymptotic expression is derived with the aid of the saddle 
point method. In particular, the scattered far field outside the waveguide is derived as 
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2.2 The case of H polarization [ 11] 
We now consider the diffraction problem involving the same waveguide geometry for the case of 
the H-polarized plane wave incidence. Applying a procedure similar to the case of E polarization, the 
problem is formulated in terms of the simultaneous Wiener-Hopf equations 
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solved by the factorization and decomposition procedure leading to exact and approximate solutions. 
The scattered field in the real space is evaluated by taking the Fourier inverse of the solution in the 
transform domain. In particular, the field inside the waveguide is expressed in term of the TM modes, 
whereas the field outside waveguide is evaluated using the saddle point method leading to a far field 
asymptotic expression. The details are omitted here. 
 2
3. Numerical Results and Discussion 
In this section, we shall present illustrative numerical examples of the RCS to investigate the far field 
backscattering characteristics. Since the problem considered here is of the two-dimensional scattering, 
the RCS per nit length is defined by ρ→∞  where φ  is the diffracted 
field given by 
2/ lim ( | / |d ikσ λ ρ φ φ= ), d
(7), and  is the free-space wavelength. λ
Figures 2 shows the normalized monostatic RCS  as a function of incident angle 0  where 
the values of  are plotted in decibels [dB] by computing 10 . In order to investigate 
the scattering mechanism over a broad frequency range, we have carried out numerical computation 
for two typical values of the normalized waveguide aperture width kb  and  For a 
fixed  the ratio of the cavity depth 1  to the waveguide aperture width  has been chosen as 
1  In numerical computation, we have chosen ferrite (single-layer material) [ 4] for region 
IV and Emerson & Cuming AN-73 (three-layer material) [ 4] for regions I-III to form the existing 
four-layer material loaded on the planar termination inside the waveguide. The material constants for 
ferrite (region IV) and Emerson & Cuming AN-73 (regions I-III) are 4  
and 1 1 2 2 3 3  respectively. The 
thickness of the three-layer material (Emerson & Cuming AN-73) is such that 1 2 2 3  
3 4  The thickness of ferrite is taken to be the same as the thickness of each layer of Emerson 
& Cuming AN-73 so that 2 2 3 3 4 4 5d d  The normalized layer 
thickness is chosen as  In order to investigate the effect of the four-layer loading in 
detail, we have also computed the RCS for the single-layer case (region I: ferrite, regions II-IV: 
vacuum) and the three-layer case (regions I-III: Emerson & Cuming AN-73, region IV: vacuum). The 
results for no material loading (regions I-IV: vacuum) have also been added to enable comparison. 
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Fig. 2. Monostatic RCS  [dB] for 1d b         : cavity with no loading 
(regions I-IV: vacuum).       : cavity with single-layer loading (region I: ferrite, regions II-IV: 
vacuum).        : cavity with three-layer loading (regions I-III: Emerson & Cuming AN-73, region IV: 
vacuum).        : cavity with four-layer loading (regions I-III: Emerson & Cuming AN-73, region IV: 
ferrite). 
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We shall first investigate the RCS reduction characteristics by comparing the results for empty and 
loaded cavities. It is seen from Fig. 2 that the monostatic RCS exhibits fairly large values for cavities 
with no material loading due to the interior irradiation, whereas the RCS is reduced for the case of 
material loading inside the cavities. We also observe that this RCS reduction is noticeable for larger 
cavities. By comparing the RCS results for material-loaded cavities between the single- and four-layer 
cases, it is found that the RCS reduction is more significant in the four-layer case. Similarly by 
comparing the results for the four-layer case with those for the three-layer case, more RCS reduction is 
seen in the four-layer case. From these characteristics, it is expected that the multi-layer loading gives 
rise to better RCS reduction over a broad frequency range. 
Let us now make some comparisons of the RCS results between two different polarizations. 
Comparing the RCS curves in Figs. 2(a,b) for the E polarization with those in Figs. 2(c,d) for the H 
polarization, we see differences in all numerical examples. In particular, the monostatic RCS for the H 
polarization oscillates rapidly in comparison to the E-polarized case. This difference is due to the fact 
that the effect of edge diffraction depends on the incident polarization. We also see that, if the 
waveguide aperture opening is small as in  there are great differences in the RCS 
characteristics between E and H polarizations. This is because the diffraction phenomena at low 
frequencies strongly depend on the incident polarization. It is also found that, with an increase of the 
waveguide aperture opening, the RCS for E and H polarizations exhibits close features to each other. 
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4. Conclusions 
In this study, we have considered two canonical, parallel-plate waveguides with four-layer material 
loading and analyzed the plane wave diffraction rigorously using the Wiener-Hopf technique. Exact 
and approximate solutions of the Wiener-Hopf equations have been obtained. Explicit expressions of 
the scattered field inside and outside the waveguide have been derived analytically. It is to be noted 
that our final solutions are valid over a broad frequency range. We have presented illustrative 
numerical examples on the monostatic RCS to discuss the far field backscattering characteristics of the 
waveguides in detail. 
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